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Future Global Earth Observing SystemFuture Global Earth Observing System

Develop the outlook for the Develop the outlook for the 
farfar--future Earth observing future Earth observing 
system:system:

•• provide a provide a longlong--term visionterm vision

•• suggest major new suggest major new observational  observational  
goalsgoals required for prediction of full required for prediction of full 
Earth system processesEarth system processes

•• evaluate feasibilityevaluate feasibility of a full global of a full global 
Earth observing systemEarth observing system

•• identify identify technical hurdlestechnical hurdles
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Future Global Earth Observing System:
Motivation

Future Global Earth Observing System:
Motivation

The variability of Earth’s environment links to life through:The variability of Earth’s environment links to life through:
the availability of water, production of food, effects of atmospheric composition, 
ecosystem and human health, and human impacts and migration.

As the human population grows, the links between the Earth As the human population grows, the links between the Earth 
environment and human needs and impacts also grow: environment and human needs and impacts also grow: 

the needs for quantitative prediction of the Earth system therefore increase.

We must move beyond basic understandings of the Earth to a  We must move beyond basic understandings of the Earth to a  
quantitative predictive capability for future changes of Earth’squantitative predictive capability for future changes of Earth’s: : 

atmosphere, oceans, biosphere and solid Earth. 

These predictions will enable informed societal decisions that These predictions will enable informed societal decisions that 
will enhance the quality of life, economic sustainability, and will enhance the quality of life, economic sustainability, and 
global social stability. global social stability. 
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Linking Observations & ModelsLinking Observations & Models
Future Global Earth Observing System:Future Global Earth Observing System:

The future Earth observation system will require a paradigm shifThe future Earth observation system will require a paradigm shift:t:
•• complete observation of the full Earth system  complete observation of the full Earth system  

• an international suite of Earth observation systems
• all observations made at the appropriate:

• precision and accuracy, and
• spatial & temporal resolution

for the processes being observed.

•• observations assimilated into a family of observations assimilated into a family of 
interacting models including interacting models including 

• all major Earth system components: 
• atmosphere & oceans
• biosphere
• solid Earth 

• and linkages between components
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Future Global Earth Observing System:
Design Study

Future Global Earth Observing System:
Design Study

We considered six Earth sciences topics:We considered six Earth sciences topics:

•• The genesis and development of extreme weatherThe genesis and development of extreme weather

•• Seasonal climate change and predictabilitySeasonal climate change and predictability

•• Sea level changeSea level change

•• Earthquake predictionEarthquake prediction

•• Availability of waterAvailability of water

•• Biosphere Biosphere -- climate interactions and human interactionsclimate interactions and human interactions

Additional important topics are easily added.Additional important topics are easily added.
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Future Global Earth Observing System: 
Topic 1: Genesis and Development of Extreme Weather

Future Global Earth Observing System: 
Topic 1: Genesis and Development of Extreme Weather
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Future Global Earth Observing System: 
Topic 2: Seasonal Climate Change and Predictability

Future Global Earth Observing System: 
Topic 2: Seasonal Climate Change and Predictability
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Future Global Earth Observing System: 
Topic 3: Sea Level Change

Future Global Earth Observing System: 
Topic 3: Sea Level Change
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Future Global Earth Observing System: 
Topic 4: Earthquake Prediction

Future Global Earth Observing System: 
Topic 4: Earthquake Prediction
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Future Global Earth Observing System: 
Topic 5: Availability of Water

Future Global Earth Observing System: 
Topic 5: Availability of Water
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Future Global Earth Observing System: 
Topic 6: Biosphere, Climate and Human Interactions

Future Global Earth Observing System: 
Topic 6: Biosphere, Climate and Human Interactions
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Future Global Earth Observing System: 
How realistic is this future vision?

Future Global Earth Observing System: 
How realistic is this future vision?

•• Current Earth Current Earth 
observing satellites: observing satellites: 
– GEO + LEO 

operational satellites 
from US & other 
nations

– a multitude of 
research  satellites

••Sensor WebSensor Web
–links data to 
computational nodes
–synthesizes information 
for applications

How many How many 
satellites & satellites & 
what do they what do they 
measure?measure?

How are data How are data 
accessed?accessed?



22 July 2003 13

Future Global Earth Observing System: 
Review the Observation Goals

Future Global Earth Observing System: 
Review the Observation Goals

Predictive 
goal 
categories:

• Climate 

• Extreme 
Weather 

• Sea Level 

• Earthquake  

• Water

• Biosphere 

Orbits for each 
measurement can 
be selected based 
on the requirements 
for:

• frequency of 
observation

• spatial sampling

• observational 
technologies

Temporal and 
spatial sampling 
requirements are 
set by the 
characteristic 
scales of the 
phenomena 
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Geostationary Orbits:Geostationary Orbits:
66--8 satellites provide:8 satellites provide:
•• hourly hourly ↔↔ diurnal diurnal 
scalesscales
•• short wavelength short wavelength 
instrumentsinstruments

LEO orbits:LEO orbits:
88--10 satellites provide:10 satellites provide:

•• multimulti--hour hour ↔↔
multimulti--day scalesday scales
•• longer longer 
wavelength wavelength 
instrumentsinstruments

Special LEO:Special LEO:
•• 44--6 satellites6 satellites
•• ≥≥ weekly scalesweekly scales
•• longer wavelength longer wavelength 
instrumentsinstruments

Future Global Earth Observing System: 
Orbits, Constellations, & Instruments

Future Global Earth Observing System: 
Orbits, Constellations, & Instruments
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Future Global Earth Observing System: 
Review the Observation Goals

Future Global Earth Observing System: 
Review the Observation Goals

Temporal and 
spatial sampling 
requirements are 
set by the 
characteristic 
scales of the 
phenomena 
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Data requirements for     Data requirements for     
~1 hourly, 0.1 km  ~1 hourly, 0.1 km  
resolution with:resolution with:
•• 10 variables10 variables
•• 10 measurements / variable10 measurements / variable
•• 20 levels in atmosphere20 levels in atmosphere
~ 10~ 1012 12 baud baud 

Future Global Earth Observing System
Communication, Computation & Delivery of Data

Future Global Earth Observing System
Communication, Computation & Delivery of Data

Ability of recipient to Ability of recipient to 
ingest the data:ingest the data:
•• for govt. function, for govt. function, 
industry, science,industry, science, publicpublic
~ equivalent to ~ equivalent to 
present workstationspresent workstations
or ~ 10or ~ 106  6  baudbaud

Ability of recipient to Ability of recipient to 
make a decision:make a decision:
•• either binary (yes/no)either binary (yes/no)
•• or between choicesor between choices
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